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RESEAROH MEMORANDUM 

INVESTIGATION OF THE NACA 4-(5)(05)-037 SIX- AND EIGHT-BLADE, 
DUAL-ROTATION PROPELLERS AT POSITIVE AND NEGATIVE THRUST 

AT MACH NUMBERS UP TO 0.90, INCLUDING SOME AERODYNAMIC 
CHARACTERISTICS OF THE NACA 4-(5)(05)-041 TWO- AND 

FOUR-BLADE, SINGLE-ROTATION PROPELLERS 

By John H. Walker and Robert M. Reynolds 

An investigation has been made to determine the aerodynamic charac- 
teristics of the NACA b-(5)(05)-037 six- and eight-blade, dual-rotation 
propellers when operating at positive and negative thrust at Mach nunibers 
‘up-to C.90 and when operating at near static conditions. The dual-rotation 
propellers were operated in combination with a long spinner and at blade 
angles from -20° to 70°. The aerodynamic characteristics of the six- 
blade propeller when operating at positive thrust with an NACA l-series 
spinner were also determined through a Mach number range from 0.60 to 0.90 
for a blade angle of 65O. Results of limited tests made to determine the 
aerodynamic chsracteristics of the NACA 4-(5)(05)-041 two- and four-blade, 
single-rotation propellers when operating at negative thrust are also 
included for comparison. All tests were made at an angle of attack of O", 
and the majority of tests were conducted at a Reynolds number of 1.0 

*million per foot. 

The performance of the dual-rotation propellers was not adversely 
affected by compressibility up to a Mach number of about 0.65. At this 
Mach number, and for a blade angle of 65O, the six- and eight-blade 
propellers had maximum efficiencies of about 85 percent. 

Increasing the total solidity by increasing the number of blades from 
six to eight resulted in a nearly proportional increase in power absorption 
with an accompanying decrease in maximum efficiency of about 2 percent. 

The efficiencies of the propeller in combination with an NACA l-series 
spinner were lower, by about 2 percent, than those of the propeller with 
a longer spinner. 

There were no significant compressibility effects on the negative- 
thrust characteristics of the dual-rotation propellers up to a Mach number 
of 0.60. 
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The thrust per-horsepower for operation of the six- and eight-blade 
propellers at near static conditions varied,with power disc loading as 
predicted by actuator-disc theory for static conditions, but the values 
measured were lower by about 28 and 26 percent, respectively. For the - 
design power.disc loading of about 21 horsepower per square foot, the dual 
propellers produced about three pounds of thrust per horsepower at near 
static conditions. 

INTRODUCTION --. _ _ -r 

The high power available from modern gas-turbine engines has indicated 
8 

..i. 
a need for additional research on propellers. This is especially true in 
regard to dual-rotation propellers since the advantages of these propellers, 
over the single-rotation type capable of absorbing equal power, are smaller 
diameter, higher efficiency, absence of reaction torque, and less noise. 
However, the increased weight and complexity of the dual-rotation propeller 
are disadvantages that must be considered. Whereas much research has been --.T 
conducted on single-rotation propellers during the past five years, such 
as reported in references i to 7, only limited research on dual-rotation - 
propellers has been carried out during this period. One investigation of 
a dual-rotation propeller (ref. 8) has been jzarrJie$ tc.high.subsonic speeds T_... 
but the propeller used:for those tests was designed for an advance-diameter 
ratio of 7.15 which-is.considerably higher than the advance-diameter ratios hi 
being considered for current designs; 

In addition to the need for more data in the positive-thrust range, 
there has been an increase in the demand for data on propeller performance 
characteristics in the-negative-thrust range, because of the desire to 
utilize the negative thrust for landing and maneuvering and because of 
the need to calculate the extremely large drag of turbine-engine-propeller 
combinations which results in the event of engine failure. To alleviate 
the large drag forces which result when the propeller is driving an engine 
requires automatic prqeller controls to either declutch the propeller __ 
from the engine or feather the propeller. The design of these controls 
requires detailed information on the thrust-torque characteristics of the 
propeller throughout a wide range of propeller-biade angles and.airapeeds.. ._ _. .._ . . . .-- .: :.- _--:.z.:---.7- 
There are available a number of reports relating to the performance of 
propellers operating at negative thrust. However, most of-the data, such 
as those presented in reference 3 for propellers of older desi~._@-in~. ._____.. ____ -- .A.----------- 
references 4 and 5 for propeIlers of more current design, were obtained 
at low speeds. The negative-thrust characteristics of a three-blade 
propeller of current design operating at Mach numbers up to 0.80 are 
presented in reference 6. 

. 

Inasmuch as one of the greatest advantages of the turbine-Fropeller 
combination over other means of airplane propulsion is the reduction in 
take-off run resulting from the large thrust available at low speed, there 

- 
'4 
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- Y 
is a need for additional data pertaining to the thrust-torque relation- 
ship for propellers at static and near static conditions. The most 
recent data concerning this condition for single-rotation propellers are 
reported in references 4, 5, 6, and 10; and results of previous investi- 
gations of numerous single- and dual-rotation propellers are correlated 
in reference IL 

An inveBtig&tion has been made in the Ames l&foot pressure wind 
tunnel to provide additional data useful in the design and development 
of modern high-speed propellers. Presented herein are the force-test 
results for the NACA k-(5)(05)-037 six- and eight-blade, dual-rotation 
propellers when producing positive and negative thrust at Mach numbers to 
0.90 and when producing positive thrust at near static conditions. Com- 
parisons have-been made to show the effects of total solidity, of spinner 
shape, and of blade-angle differential between the front and rear units of 
the dual propeller. Results of limited tests of the NACA h-(5)(05)-041 
two- and four-blade, single-rotation propellers are included for purposes 
of comparison. All testx~ere made at an angle of attack of O" and most 
of the data were obtained at a Reynolds number of 1.0 million per foot. 
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NOTATION 

speed of Bound 

number of blades 

blade width 

-- 

P power coefficient, - 
oneD 

power coefficient corrected for activFty factor, integrated lift 
coefficient, and thickness ratio (ref. 11) 

thrust coefficient, --& 

blade section design lift coefficient 

propeller diameter 

horsepower 

maximum thLckneBs of blade section 
VO advance-diameter ratio, no 

Mach number, i 
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tip Mach number, M/m 

propeller rotational speed 

power 

propeller tip radius 

Reynolds number per foot, !$ 

blade section radius 

E 

ICI 
* 

7 

propeller disc area 

tbrus t -,,- , .-- -.-- 

thrust coefficient, 2- .-. -- 
P++ 

velocity - 

equivalent free-air velocity 

propeller blade angle at 0.75 R l 

design propeller section blade angle 

difference in blade angle between the front and rear components of 
the dual-rotation propeller, k - h 

CT efficiency, - J 
CP 

air viscosity 

v 

air density 

Subscripts 

F front component of dual-rotation propeller 

R resr component of dual-rotation propeller 
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MODELAND APPARATUS 

5 

lOOO-Horsepower Propeller Dynamometer 

The lOOO-horsepower propeller dynsmometer used for this inveetiga- 
tion in the Ames l2-foot pressure wind tunnel is described in reference 4. 
The dpmnometer was modified for the testing of dual-rotation propellers 
by the installation of a gear box within the dynamometer housing and a 
torquemeter on each of two concentric propeller drive shafts. The rota- 
tional speeds of the front and rear propellers were the B&me* The torque- 
meterB were mounted in such a manner that mechanical losses in the gear 
box were not present in the measured torque. The only frictional losses 
included in the measured torque were from a roller bearing and a neoprene 
pressure seal between the propeller shafts, and from the carbon-ring 
pressure seal described in reference 4. These losses were small and were 
accounted for by calibrations. A photograph of the dynamometer with the 
six-blade, dual-rotation propeller is shown in figure 1. 

Propellers 

4 
The NACA 4-(5)(05)-037 six- end eight-blade, dual-rotation propellers 

and the NACA 4-(5)(05)-041 four-blade, single-rotation propeller (described 
in ref. 4) were models of propellers designed for the following full-scale 
conditions: 

Altitude, ft . . . . . 
Machnumber . . . . . 
HOrBepUWer . . . . . . 
Advance-diameter ratio 

Six- and eight-blade 
Four-blade single . 

Diameter, ft 

................ 

................ 

................ 

l 35;0g 
. 
. 5,ioo 

dual ............. . . 4.2 
................ . . 3.7 

Six-blade dual . . . ................ . . . 19 
Eight-blade dual . . ................ . . . 18 
Four-blade single . ................ . . . 23 

Total activity factor, 

Six-blade dual. .................. . . 694 
Eight-blade dual. ................. . . 925 
Four-blade single ................. . . 514 

. 

J 

The NACA 16-series airfoil section was used for the blade sections. 
Blade width ratio, thickness ratio, section design lift coefficient, and 
twist distribution are shown by the blade-form curves in figure 2. 1-L may 



6 NACARM A54G13 
L 

be noted that for this investigation, the foUr-blade propeller described 
in reference 4 was modified inboard of r/R = 0.25. 

Except for total solidity, the NACA b-(5)(05)-037 six-blade, dual- 
rotation propeller W&B identical to the eight-blade propeller and the 
NACA 4-(5)(05)-041 two-blade, single-rotation propeller was identical 
to the four-blade propeller. 

Spinners 

Most of the tests of the dual-rotation propellers were made with a 
Bpinner having a maximum diameter of 6.51 inches and a length of 
22.71 inches. The forward portion (9.77 inches).was contoured to the 
NACA l-series profile. This long spinner was. used. so the-inboard blade 
sections would operate in a nearly Uniform air stream. A photograph and 
details of this spinner, designated a8 spinner A, are shown in figures 3(a) 
and k(a). 

-. A 

. - 
-. 

Limited tests were made of the six-blade,.dualirotation propeller 
with an NACA l-46.5-085 spinner (ref. Z!), having a maximum diameter of 
7.23 inches and a length of 13.22 inches. This spinner is designated as 
spinner B and is described in figures 3(b) and 4(b). 

The NACA l-b-6.5-047 spinner (ref. 13), having a maximum diameter of 
6.51 inches and a length-of 6.58 inches, was used with the single-rotation 
propellers. A photograph and details of this spinner, designated as 
spinner C, are shown in figures 3(c) and 4(c). 

-i . 

Y - 

The platform junctures used with each propeller-spinner combination 
are also shown in figures 3 and 4, 

Instrumentation and Calibrations 

The instrumentation of the dynamometer for the single-rotation pro- 
peller tests was identical to that described in reference 4. The dual- 
rotation dynamometer instrumentation differed only in that there were two 
torquemeters. They were similar in design and operation to the torquemeter ._. _ 
used for the single-rotation dynamometer, each having-half the capacity 
and twice the sensitivity of the single-rotation torquemeter. The torque 
measured by each torquemeter was indicated by a manual balancing potentio- - 
meter. A description of the methods used in calibrating the thrust gages 
and torquemeters, and a disCUssiOn of typical calibration results are . 
presented in reference 4. 
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TEST CONDITIONS AND REIDUCTION OF DATA 

Preliminary tests were made with the six-blade dual-rotation propel- 
ler to determine the rear blade angle setting (h) that would cause the 
rear component of the propeller to absorb the same power as the front com- 
ponent near the advance-diameter ratio for maximum efficiency. The opti- 
mum blade-angle difference (Aj3 = optimum) determined from these tests is 
shown as a function of the front blade angle (&I) in figure 5. Subse- 
quently, the thrust, torque, and rotational speed were measured for the 
six- and eight-blade, dual-rotation propellers for both the optimum blade- 
angle settings (fig. 5) and the design blade-angle setting (Ap = 0.8~) for 
the various values of front blade angle and Mach number shown in table I. 
Also shown in table I are the conditions for the limited tests of the two- 
and four-blade, single-rotation propellers. 

Propeller thrust as used herein is the algebraic difference between 
the longitudinal force produced by the propeller-spinner combination and 
the longitudinal force produced by the spinner alone at the same air veloc- 
ity and density. The method used in determining the propeller thrust is 
discussed in detail in reference 4. 

The total torque required for operation of the dual-rotation propeller 
was ascertained by adding the torque of the front and rear components. 
Torque was determined for each component by the method described for the 
single-rotation propeller in reference 4. 

The Mach number used in this report is the average Mach number over 
the disc area determined by the velocity surveys reported in reference 4. 
The air-stream velocity (and, consequently, propeller advance-diameter 
ratio and efficiency) was corrected for wind-tunnel-wall constraint on the 
propeller slipstream by the method of reference 14. Experimental data have 
shown good agreement with the correction presented in figure 6 (see refs. 4 
and 6). The data included herein are for advance-diameter ratios at which 
the thrust-coefficient parameter (T,/l-Ma) was greater than -0.55. 

AnalysiB of the accuracy of the separate measurements of thrust, 
torque, and air-stream velocity indicate that errors in the propeller 
efficiencies reported herein are probably less than 2 percent. 

RESULTS ANd DISCUSSION 

. 

i 

Most of the results of this investigation sre presented graphically 
in figures 7 through 34. An index of these figures is presented in 
table II and gives the propeller configuration and the range of variables 
for each figure. Inasmuch as it did not appear advantageous to plot the 
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individual power coefficients for the front and rear propeller units at 
conditions of negative and near static thrust, these data have been 
tabulated in tables III to V. 

Positive Thrust 

Effects of Mach number.- The effects of Mach number on the aerody- 
nsmic characteristics of the propellers are shown in figures 7 through 17. 
The over-all propeller characteristics are presented in figures 7 
through 12, and the power coefficients for the front and rear components 
of the dual-rotation propellers are shown in figures 13 through 17. 

The effects of Mach number on maximum efficiency are shown in 
figure 18. As previously shown in other investigations, propeller effi- 
ciency losses due to compressibility effects were delayed to higher Mach 
numbers by increasing blade angle. The highest Mach number at which the 
dual-rotation propellers with spinner A operated without marked compress- 
ibility losses was about 0.65 for a blade angle of 650, at which condition 
the propeller efficiency was about 85 percent. Maximum efficiency of the 
six-blade propeller varied from 87 percent at a Mach number of 0.40 
to 61 percent at a Mach number of 0.84. 

As shown in figure 18(f), the maximum efficiency of the two-blade 
propeller compares favorably with the results from reference 4 for the 
four-blade propeller at a blade angle of 600. 

The variation of maximum efficiency with sdvance-diameter ratio-& 
the dual-rotation propellers is shown in figure lg. Figure 20 presents 
the variation of maximum efficiency with tip Mach number. These data, 
in con&notion with figure 18, indicate that at Mach numbers above 0.80, 
higher efficiencies could probably be obtained by operation pf the pro- 
pellers at lower blade anglea and lower advance-diameter ratios. 

L 

‘fi; 

.- 

Comparison of the-characteristics of the six- and eightelade, dual- 
rotation propellers.- As shown in figure 21, the basic characteristics of 
the six- and eight-blade propellers are in good agreement when compared 
on the basis of equal total activity factor. At all except the highest 
Mach numbers, the maximum efficiency of the eight-blade propeller was 
about 2 percent below that of the six-blade.propeller, as shown in 
figures 18 and lg. 

- 

In the following table the full-scale chaYacteristics of the six- and 
eight-blade, dual-rotation propellers at the design Mach number (0.80) and 
altitude (35,000 feet), calculated from the data in figures 7 and 8, are 
compared with the design characteristics calcula$ed by the method of' 
reference 15 with an assumed-loss in efficiency of 8 percent due to com- 
pressibility effects. 

. 

4 - - -1 
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Charac- 
teristics 

HP 

t 

q 

FE 
CP 

T 

Condition for B = 6 Condition for B = 8 

Design A B 

5600 
0.80 
4.20 

63 
2.02 
3160 

5600 %oo 8100 

0.62 0.62 4.20 4.10 0.65 1 3.80 
66 65 

I 1.88 I 

65 

2.02 2.17 2450 2450 1700 I 

9 . 

Condition A shows that for operation at the design power and advance- 
diameter ratio, blade angles higher than the design value would be required. 
By reducing the advance-diameter ratio and blade angles> the efficiency 
would be increased slightly as indicated under condition B for the design 
horsepower. To enable the propellers to operate with maximum efficiency 
at the design Mach number would require a further reduction in advance- 
diameter ratio and an increase in power as shown under Condition C. At 
the design Mach number of 0.80, there was no operating condition where the 
efficiency approached the calculated value of 0.80. Subsequent calcula- 
tions for the eight-blade propeller using the method of reference 16 and 
the airfoil section data from reference 17 indicated a still higher effi- 
ciency of 86 percent. The calculated efficiencies for the design condition 
are unrealistically high primarily because losses due to compressibility 
occurred at a considerably lower Mach number than the calculations indi- 
cated. Figure 20 shows that at the design tip Mach number of 1.0 and a 
blade angle of 65O, the maximum efficiency had decreased more that 20 per- 
cent from its low-speed value whereas the anticipated decrease was about 
8 percent. 

l 

In consideration of the effects of compressibility with regard to the 
spinner, it wpuld be expected that with the shorter spinner (spinner B), 
the local velocities on the inner portion of the propeller blades would be 
considerably,higher than the free-stream Mach number and, as a result, it 
would be anticipated that calculations based on free-stream conditions 
would overestimate the Mach number for the onset of compressibility effects. 
With the long spinner (spinner A), however, the local velocity at the blade 
shank is calculated to be only about 1 or 2 percent higher than the free- 
stream velocity, and it should be possible to neglect this velocity incre- 
ment in the propeller performsnce analysis without introducing large losses. 
While the effect of the propeller inflow on the drag of the long spinner 
would be eqected to be of appreciable magnitude, it would not be antici- 
pated that this contribution would be particularly dependent on Mach number 
below a Mach number of 0.85 or 0.90. 

I 
In regard to the airstream velocity it may be stated that the velocity 

surveys (ref. 4) which were used to establish the free-stream Mach number 
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were carried out in such a manner that it is difficult to conceive them 
to be in error by a significant amount. However, there is no way to eval- 
uate accurately the effect of the propeller slipstream on the flow field 
induced by the dynamometer structure. It is felt that this effect of 
slipstream was small, as indicated by the data in reference 4 which show 
no large effect of Mach number on the velocity induced by the dynamometer. 

Y 
- 
_ 

A point that should be made with regard to the calculated performance 
is that at the design condition, the sections of the propeller outboard 
of 0.70 radius were operating at Nach numbers between 0.9 and 1.0. The 
section data used in the performance calculations are of doubtful accuracy 
in this Mach number range, and recent sectiondata presented in reference 18 
have shown effects of camber contrary to the results given in reference 17. 

In summary of this discussion of the propeller efficiency at the 
design condition, it can only be stated that loss.es due to compressibility 
effects began to rise at a lower Mach number than the calculated value. 
Aside from questioning the validity of the section data used in the per- 
formance calculations, no other reason for this discrepancy is known. 

Comparison of the propeller characteristics for the optimum Ag and 
a AD of O.oO.- As shown in figure 22 for the six-blade dual-rotation . 
propeller, and as would be anticipated, the effect of increasing the blade F. 

angle of the rear component (changing from optimum Ag to As = O.8O) was 
to increase the power coefficient for the rear component at a given advance- 'y 
diameter ratio, with a corresponding increase in thrust coefficient. More- - 
over, it is shown that there was no significant difference in the power 
absorbed by the front component with change in the rear blade angle. 
Figure 22 also shows, for & = 65O and Mach numbers from 0.60 to 0.80, 
that the front and rear components absorbed equal power at an advance- 
diameter ratio near that for maximum efficiency with the optimum Ap 
setting. However, the rear blade angle used for the optimum setting with - .- 
I$ = TO0 appears to have been somewhat 1oW for Mach pumbers above 0.70 
(see figs. 7, 13, and 15). 

Comparisons of the data in figures 18 and 19 show that for both the. 
six- and eight-blade, dual-rotation propellers, the maximum efficiency 
obtained with Ap = 0.8~ was generally lower, by about 2 percent, than 
that with the optimum Ap setting. 

. 
- 

Effects of spinner-length and of sealing the gaps at the platform 
propeller-spinner junctures.- The results of limited tests of the six- 
blade, dual-rotation propeller using 6pinner'IL arepresented in figure 10 
and summarized in figure 18(e). In general, the efficiency of the pro- 
peller with.this spinner was about 2 percent lower .(figs. 18(e) and 
20(c)) than with spinner A. It is believed that this is due to the higher 
velocities over the inboard propeller-blade sections with the shorter 
spinner, similar to the results reported in reference 4. 

.- 
w- 

L 

v 
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As shown in figure 23, sealing the gaps between the propeller blades 
snd the platform junctures had no significant effect on the propeller 
characteristics. 

Negative Thrust 

The effects of Mach number on the characteristics of the propellers 
when producing negative thrust are shown in figures 24 through 29 and'in 
tables IIl.and IV. Negative-thrust characteristics are shown, for Mach 
numbers above 0.15, on plots with tangent coordinates which enable cover- 
age of the full range of test results. 

Similar to results reported in reference 6, it can be shown from the 
data presented in figure 30 that there was practically no effect of com- 
pressibility on the negative-thrust and torque characteristics of the 
dual-rotation propeller for Mach numbers up to 0.60. 

The basic negative-thrust characteristics of the six- and eight-blade 
propellers are in good agreement when compared on the basis of equal total 
activity factor. This is shown for Mach numbers of 0.15, 0.60, and 0.80 
in figure 3.0. Also, comparison of the data .presented in figure 31, again 
on the basis of equal activity factor, indicates good agreement between the 
negative-thrust characteristics of the two- and four-blade, single-rotation 
propellers. It can be shown that the negative-thrust data for the single- 
rotation propellers, after correction for activity factor, compare favor- 
ably with those for the dual-rotation propellers at a Mach number of 0.15 
(data in fig. 31 compared with those in figs. 30(a) and (b)), but do not 
compare well for the higher Mach numbers (comparing corresponding data of 
figs. 28 and 24, for example). 

Near Static Thrust 

The characteristics of the six- and eight-blade propellers at low 
forward speeds are presented in figure 32 and table V. The velocity of 
the air in the test section for these tests was produced by the model 
propeller itself and thus varied with propeller rotational speed and 
blade angle as shown in figure 32. 

. 

The abrupt decrease in thrust coefficient and increase in power 
coefficient at values of nD below 60 (fig. 32) are similar to results 
reported in reference 6 for a three-blade propeller and are believed to be 
due to the effects of Reynolds number on the blade section characteristics. 

? The data in figure 32 were used to determine envelope curves for the 
variation of thrust per horsepower with power disc loading for the six- and 



I2 NACA F&I A54G13 

eight-blade, dual-rotation propellers. These are shown in figure 33, 
together with similar experimental results for the four-blade propeller -i 
(computed from fig. 8 of ref. 4) and the theoretical ideal curve for the 
static condition computed by the method of- reference lg. For all power 
disc loadings, thrust per horsepower increased with increasing number of 
propeller blades. For-the design power disc loading, approximately 21 
horsepower per square foot, the dual propellers.produced about 3 pounds 
of thrust per horsepower at near static conditions. The experimental 
thrusts per horsepowerfor the six- and eight-blade propellers were approx- 
imately 72 and 74 percent, respectively, of the theoretical ideal values. .- 
That the thrust-per-horsepower values for the dual-rotation propellers 
are higher than those reported for single-rotation propellers in refer- 
ences 4, 5, and 6 is probably due to lower rotational losses for the dual- ? 
rotation propellers. The extrapolation explained in the following para- 
graph indicates that the experimental thrust per horsepower would be about 
20 percent higher if the data were for a true static condition. 

The variations of thrust per horsepower with power coefficient for 
the six-blade dual-rotation propeller at near static conditions and at 
zero velocity (obtained by extrapolation) are compared in figure 34 with 
correlated static data (from ref. 11) for five other six-blade dual- 
rotation propellers having NACA 16-series sections. The values shown for h 
the near static condition were calculated using the data in figure 32(a), 
and the values given for the zero-velocity condition were obtained by a 
straight-line extrapolation of the thrust and power coefficients as a func- v 
tion of test-section velocity using the data from figures 7(a) and 32(a). 
The power coefficient used in this figure was corrected for activity 
factor, integrated lift coefficient, and thickness ratio in accordance 
with the method of correlation of reference 11. These results show that 
the effect of small forward velocities on the thrust per horsepower was 
substantial, if the extrapolation procedure is valid, The agreement between 
the extrapolated results for zero velocity and the results presented in 
reference 11 is only fair. 

CONCLUDING REMARKS 

The following remarks may be made regarding the results of the sub- 
ject investigation: 

- 

The highest Mach number at which the six- and eight-blade, dual- 
rotation propellers operated without marked ccmrpressibility losses was 
about 0.65 for a blade angle of 65O, at which condition the efficiency of 
both propellers was 85 percent. The effects of compressibility on maximum 
efficiency were similar to those reported in previous investigations, indi- 
eating that for Mach numbers above some value (for these propellers, about 
0.80) higher efficiencies would be obtained by operation of the, propellers 
at lower advance-diameter ratios and lower blade angles. 

. 
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Increasing total solidity by increasing the number of blades from 
sfx to eight resulted in a nearly proportional increase in power absorp- 
tion with an accompanying decrease in maximum efficiency of about 2 percent.' 

Lower efficiencies, by about 2 percent, were obtained for the propel- 
ler in combination with an NACA l-series spinner as ccerpared with those 
obtained for the propeller with the longer spinner. This result is attrib- 
utable to the effects of the nonuniform flow field of the l-series spinner 
and is similar to results reported for the NACA 4-(5)(05)-041 four-blade, 
single-rotation propeller with l-series and extended cylindrical spinners. 

There were no significant effects of compressibility on the negative- 
thrust characteristics of the dual-rotation propellers up to a Mach number 
of 3.60. When compared on the basis of equal total activity factor, the 
negative-thrust characteristics of the six- and eight-blade propellers 
were in good agreement. 

The thrust per horsepower of the six- and eight-blade propellers at 
near static conditions varied with power disc loading as predicted by 
actuator-disc theory for the static condition, but the measured values 
were lower by about 28 and 26 percent, respectively. For the design power 
disc loading, approximately 21 horsepower per square foot, the dual propel- 
lers produced about three pounds of thrust per horsepower at near static 
conditions. 

Ames Aeronautical Laboratory 
National Advisory Connnittee for Aeronautics 

Moffett Field, Calif., July 13, 1954 
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TABLE I.- BLADE ANGLES ARDMACHNUMBERSFORTES'EOFVARIOUSPROPELLERCONFIGURATIORS 

mnbex 
YO 

.u 

.eo 

.40 

:ZZ 
.70 
.75 
.80 
.84 
.sra 

Prope 
70 65 60 55 >O 
-- -- -- -- -- 
-- -- -- -- -- 
s- -m -- -- -- 
- - b ab ab abf 
-- -- f -- f 
- - labcde abf ab abf 
ace ‘abcde abf ab abf 
ace abcde ab ab ab 
ace ‘abcde abf b -- 
ace abcde sb -- - - 

e cde _ - - - - 

ler blade angle, p or ( 
4Q 30 25 20,15 m- 
-- __ a ab a 
em -- afg abfg afg 
ab a -_ -- -- 
ab a -_ -- -- 
-- -- - - me - - 
-- -- - - - . -- 
-- -- - - -c -- 
-- -- - - -m - - 
w- -- - - -- -- 
-- -- - - - - mm 
-- -- - - - - - - 

7, deg 
-- - 

s-s 
a 

-mm 
- - - 
e-m 
- e - 

Conflg- 
uration Propeller Ag, deg Spinner !IGust 

b” 
6-blade dual-rotation A optimum positive and negative 
a-blade dual-rotation A ’ optimuLn positive and negative 

: 
6-blade dual-rotation A 0.8 positive and negative 
6-blade dual-rotation B 0.8 positive thrust only 

e a-blade dual-rotation A 0.8 positive and negative 
f 2-blade single-rotation C - - positive and negative 
g 4-blade single-rotation C - - negative thrust only 

-- 
ab 
-- 
-- 
-- 

-- 

-- 

-- 

SD 

‘Repeat runs with the platform gaps sealed, configuration a only. 
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TABLE II.- INDEX OF DATA FIGURES 

Figure 
number Plot 

hbllber Front Reynolds 
PTopeller 4, Of Mach nmker, blade number 

aeg blades, H an&e, --e= per ft, 
B &7r &g RDXIO' 6 

- - 

i c-&+rrlr% VE. J 0.15 to 0.84 15 to 70 A 
0.15 to 0.84 15 to 65 A 

1: 
0.60 to 0.90 
0.60 to 0.90 6%70 

A 
B 

ll Dual 0.8 0.60 to 0.90 A 3.2 Single --- 0.50 to 0.80 
6!&70 

C 

13 A 
14 

E-xl opt- 0.15 to O.&J+ 15 to 70 

15 Dual "":? . 
t.2 ; g-g 156p7z5 A 

. . I A 
16 
17 + E 0.8 0.8 0.60 to o-go B 

0.60 to 0.90 6z70 A 

z 
‘I- vs. M Dusl 

lzual ""ii"" 
0.15 to-o.84 15 to 70 A 

18 1 ma1 018 
0.60 to 0.90 65970 A 

65 B 
18 

0.63 to 0.90 
Single --- 0.40 to 0.70 ~,60 C 

19 qmaxvs. J rnle.l 
@%= 

0.15 to 0.84 15 to 70 A 
19 c Dual . 0.60 to 0.90 65370 A 

20 E¶lal 
Icv3l T%= 

---- 15 to PO A 
20 
20 Dual 018 

--- A 
---- 6:;70 B 

%!l 
b22 

oP,cP,rl v*. J 
E2 "":?!F 

0.40 to o&l A 
0.60 to 0.80 A 

93 Dual o&mun 
$70 

0.60 to 0.80 6j A - - 

wgative thrud 

Positive thnut 

1.0 
1.0 
1.0 
1.0 
1.0 
1.5 

1.0 
1.0 
1.0 
1.0 
1.0 

1.0 

t:: 
I*5 

1.0 
1.0 

1.0 
1.0 
1.0 

20" 
1.0 

24 aP,cPva.J 0.15 to 0.84 -20 to 70 A 1.0 

2 

iz 

iz 
0.15 0.60 to to 0.84 -20 to 65 0.90 65,70 A A i:: 

27 A 
28 I 

0.60 to o-go 65970 
Single --- 2 0.15 0 to 25 C 2: 

28 gs 
1:: 

.2 0.40 to 0.80 500 c L5 
29 4 0.15 0 to 25 C 1.0 

a30 %,c, BF vB- rud. opt- 6,8 0.15 to o.& -20 to 70 A 1.0 

E single. Single -- --- 2 4 0.15 0.15 0 0 to to 25 25 c C 1.0 1.0 

Rear static thruet 

cTAP,v VB- dJ Du@J opt- ZO lOto A -- 

11 
- opa- 20 1520 A --- 

T/BP va. HP/S ZO -mm A --- 
T/HP VB. Cp' 10 m-m A --- 

%mparisonofthe6-e&8-bladedata for& =optimum. 
bfZcaprison of the 6-blade data for rg = opt- and &I = 0.80. ,T 
cEffect of eealingthe 
%sta forB 

juncture gap. 
= 8 shown for M = 0.15, 0.60, and 0.80. 
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TABIE III.- NEGATIWdFHFtUST CRARACTEKCSTICS OF TEE NACA 4-(5)(05)-037 
SIX- AND EIGHT-BLADE, DUAL-ROTATION PROPELLERS, A/3 = OPTIMUM 

(a) B = 6 
i 

- 

)I 
- 
3.1: 

- 

- 

)I 
- 
,.1: 

I.80 

- 

- 
BP 
da 

- 
15 

20 

n 

lo 

lo 

- 

T b Dr , c, 
1.43 
1.43 

::Zi 
1.70 

::g 
1.98 
2.03 
2.16 
2.2, 
2.34 
2.43 

En" 
2.94 

::t: 

2:: 

;:s 

7:03 

::iX 

::: 
1.69 

:z 
2:Ol 

:.s 
2163 
2.9 
:::: 
4.01 

::," 

2% 

i:$ 

::z 

:.a 
2.06 
2.25 
2.43 
2.63 
2.99 

::E 
%W 

::g 

a:$ 

-0.7 
"p -.a3 

-.919 
-.5l3 

-1.044 

::*g 
-A99 
-1.367 
-1.463 
-2.537 

::g 
-.87y 
-.N 

-1.014 

::$i; 
-1:340 
-1.4% 

-3.056 

-.6J 

::% 

::g; 
-.%9 

-1.157 

3% 

2% 
-1:900 
-2.194 
-2.481 
-6.901 

3% 
3.063 
-7.m 

“:$ 
:Z 
:% 
:: .42 .44 .47 .vl 
:F 
2 
:Z 
1; 

::tO 1.83 
2.45 

.a. 

.n 

2 
.26 
27 
29 

:P 

:E 
.46 
.53 
.63 

:2 
1.08 
1.u 
1.80 

.lQ 

.: 

:Z 
.L8 

:2 

:$ 
.28 
.33 

:2 
.Y 

:E 
1.19 

:g 

:g 

:2 
.O? 
97 

1: 

2 
.lc 
.ll 

-226s 
-24," 

-5:71b 
-7.388 

-222 

::g 

I:% 
-36 

::E 
-.470 
-.543 

::&Y 

::z 
-l.cq@ 
-l.l$Jy 
-1. 01 
-1. %7 
-1.784 
+.2L5 
-2.921 
-3.m 

::::g 

0.27 

;$ 

.)9 

-9: 
1.m 
1.14 
1.21 

:z 
1:se 
2.23 
2.63 

::g 

i:$ 

1.18 
1.24 

:z 
$2 

1:59 
2.17 
2.37 

::g 

t :E 
4.93 

i:g 

1.39 
1.49 

;:Zj 

1:gg 

ZT 
2.62 
2.9 
3.21 

:.z 
::;g 

5:t6 

::3 

1.97 
2.17 
2.24 
2.& 
2.79 

::fi 

2% 

::g 

“:Z 
-.lB 
-.243 

:::g 
-A45 

::k 
-.933 

::.g 
-1:em 
*.3ll 
2.g 

-.a?1 
-.O% 

::2% 
-.273 

::a:; 
-.8W 

-1.051 

::-:g 
A53 
-3.549 
-6.cm 

-0.02 

1:: 

::: 
-.lc 
-.u 
-.l, 
-2 
-.r, 

1::: 
-.45 

::g 
-1.44 

0 
-.ol 
-a 
-.a6 

::z 
-22 
-28 
-.35 

zt 

-1.W 
-1.e 

0 

::3 
-.lO 
-.I3 
-.17 
-.23 
-97 
-.31 

1:: 
-,79 
-.91 

-1.16 
-1.66 
4.17 

.Ol 
-.w 
-.07 
-.ll 
-.15 
-.i?c 
-.2, 

1% 
-.42 

::E 

::g 
-1.21 

2% 
4:99 

-03 
-.ca 

1:: 

::g 
-.% 
43 
-.e.3 

-l.ll 
-1.63 

2:E 

- 

4.w 
-.03 
-.04 

1:: 
-.a) 
-.I0 

::g 
-.Pl 

1:; 
-.37 
-.Ls 
-.& 

-1.22 

0 
-.Ol 
-2% 
-.c4 
-.oB 
-.Lo 
-.Pl 
-.25 

I:$ 

::g 
-.* 

-1.46 

0 
-.04 
-07 
-2.0 
-.13 
-.La 
-.23 
-A 

11% 
-.x 
-.a 

::;: 
-1.34 
-1.7-l 

-.Ol 
-.04 
-.w 

::J 
-.23 

::$ 
..43 
-.49 

::g 

::g 
-1.08 

::*g 
a:78 

-se 
-.13 
-2, 
-.35 
-Sl 

::z 
-24 

-1.06 
-1.26 
-1.83 
a.%? 
-3.79 

s/ 

.Ol 

.Ol 

.Ol 
-01 
.Ol 
.Ol 
.Ol 
.Ol 
.Ol 
.Ol 

..Ol 
.Ol 
.Ol 

0 
0 
0 

.ol 

.a? 

Z-2 
:Z 
:X 

:::g 
-.2l5 

::g 
-*P5 

I:&,$- 
-.463 

3 
-.663 

1::; 
-1.101 
-1.160 
-1.3J.l 
-1.63b 
4 .a65 
-2.667 
-3.356 

:::g 

-.059 
-.072 
-.loO 
-lW 
-.157 
-.193 
-.PP 
-.a60 
-.293 

23 

0 
0 
-.ol 
-.Ol 
-.ol 
-.a? 
-.oe 
-.a? 
-.03 
-224 
-.04 
-4 
-.a 
-a7 
-.07 
-.07 
-.07 
-.ol 
-.W 
-.lQ 
-.I, 
-A? 
-.19 

: 
-.01 
-.Ol 
-32 
-.cQ 
-.03 

::g 
-.w 
-.ca 
-.Lc 
-.L? 
-.lL 

1::; 
-.I.9 

::S 
-.33 
-.39 

2 

::E -.I304 
-1.134 
-1.483 
-1.939 

2.E 
-h:wO 
-St% 

-.oje 
-.090 
-X76 
-.237 
-.307 
-.43r 
-.555 
-.6& 
-.759 
-99 

-1.U 

-.031 9164 
-.319 

-.a 
-.m7 

-1.163 
.1.439 

. 

, - 

3: 

::% 
-.txe 

$2 
-1.022 
-1.m 
-1.234 
yg 

:;:g 

&A3 
-2.M 

-.77i 
-.9)1 

-1.1* 
-1.4% 
-1.W 
-2.d 

$E 
-p: 

-61757 

:::3 
-.a80 

0 
0 
-.OL 

- 

. 
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TABLE III.- NEGATIVE-TBRUST CEMRACTERISTICS OF THE NACA 4-(5)(05)-037 SIX- 
AND EIGHT-BLADE, DUAL-ROTATION PROPELLERS, Af3 = OPTIMUM - Continued 

(a) B = 6 - Contin& 

-09 
-.20 

z; 

-.91 
-1.03 
.l.U 

ikz 
PA 
3-b 

3:P 
z.2 

IOk 

E2 

-.ca 

::% 
-.73 

-1.03 
-1.20 

:k$ 
-L63 
a.83 
4.l. 

::g 
-A? 
-A4 
-A6 

::g 

::g 

1 

-45 
-.n 
:f 

42 
LIP 
a.12 
.1.x) 
a.53 
A.97 
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TABLE III.- NEGATIVE-THRUST CHARACTERISTICS OF TKE NACA 4-(5)(05)-037 SIX- 
AND EIGHT-BLADE, DUAL-ROTATION PROPELLELRS, A$ = OPTIMUM - Continued 

(a) B - 6 - Concluded 

s 

Tz 

t:g 

;:i 

6147 

::3 
8.20 

3 
LO.70 
tg 

!0:29 
!b.E 

-1.604 
2% 
A29 
-3&l 
-3.981 
-4.638 
2.G 

-a:283 

3Z 
35.3% 

-.wJ 
::2% 
-.200 
-.3@ 

::g 
-.W 

::g 
-al 
-. 53 B ::& -l.cql -1.3c-s -1.e 

2% 
-3.ce9 
-3.785 

-?I -54 
-3.320 
12.723 
23.43 

c% 
-0.81 

:: 

::E 

3 
-.bs 
-50 

I:',' 
30 
-.a5 

::C 
-1.14 
-1.35 
;'*'$ 

a:94 

22 

2-z 
-9:bb 

14-z 26. 

28 

:Z 

::5 
-.26 
-2.5 

a.91 
-1.01 

0.7: 

-1.J.2 
-1.a -1.37 
I:-% 3:3l 
p 
-4:: 
-5.63 

3-g 
4:bb 
25.39 
3L.Sb o 8. 

..K * 

..24 
-55 

::i 

::g 

::z 
-.73 

::$ 

-1. T -1.1 
-1.41 
-1.65 

2:: 
-3.34 

2% 
-,A 
-6.9l 
1o.u 
15.66 
27.69 

3.w 

t:Z.i 
b.21 
4.31 

::g 

b.63 
4.7b 
b-9 
5.33 

or 
Tj 
::g -839 

-.035 
..lo4 
-.170 
-a53 

::5 
-.W 

::E 
-.ls& 
m.718 

2% 
-857 -l.lm 

-Lb51 
-1.803 
4.160 
9.0% 
-3.503 

2-9 
-7:bM 

:g$ . 

-.030 

::g 
-.w 

:: 
-al 

-1.60 
4.13 
-4.04 
-9.76 
.a.17 
~6.64 
.36.20 

-0.1, 
-2b 

z$ 

-.64 
-.77 
-.% 

-1.06 
-1.15 
-1.9 
-1.04 
-1.10 
-1.27 

2-g 
ml:% 
-2.43 

::'E 
-4:7e 

2g 
-JJ..l2 
-l;.g 

:", 
.Pl 
.u 

-.93 
-.Tr 

-1.0) 
-1.20 
-1.27 
-l.Sl 
-1.74 
9 .Ol 
%.36 

-5.36 
-7.33 
-9.63 

:f-:: 
GG+2 

” 

l.0l 

,& 

-.I29 
-.3?6 

irg 
-1.1% 
-1.23 

Z$. 
.lo.7lo 
;l.33$ 

-.a?6 

::g 
-.e?o 
-.343 
-.405 

rig 

$2 
-.797 

-;:iZ 
-1.M 
-1.43l 
-1.706 
-2.291 

:*g 
A63 

2"Z 
-a:768 

;l.&& 

-.cs5 
-.a 
-.44 

::‘$ 

::z 

::g 
-1.042 
-19 

3 4.3 
.l.b,2 

::$ 

::fg 

$2 
-1.034 
-1.3s? 
-l.?lO 
-$9& 

-3h 
-4.34l 
-6.191 

-lLw 

@Y 

YET 
-22 
-A4 

::E 
-1.33 

% 
3 

-1a 
-1.70 
-2.10 
9.30 
-1.74 

A0 
.23 

-.l3 
-.% 

a.23 
-1.87 

-.29 
-83 

-1.45 
-1.80 

:'-g 
-3:a 
6.63 

E:5 

.a 

.a? 

.Ip 

-.99 
-1.4 
-1.17 
-1.27 
-1.36 

::'A 
-1:gP 
3.22 
9.63 

-s-2 
Ii67 
-6.35 
-7.70 

-10.00 

,U 
-.d 

1::: 
-.6! 
-. 

r -1. ! 
%.d 
-2. 
-2. 5 

-1.94 
5.34 

::g 
%.73 

-2 
-A0 

-1.P 
-9.36 

2: 
-3:25 
-4.23 

-2l.T %G@ 
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TABLE III.- NEGATIVE-TBRUST CHARACTELRISTICS OF THE NACA 4-(5)(05)-037 iSIX- 
AND EIGHT-BLADE, DUAL&TATION PROPEILJGS, Ap = OPTIMUM - Continued 

- (b) B = 8 

.ol 
0 
-.Ol 
-se 
-.04 
-.03 
-.ea 
-.lo 

:2 

::9 

1::: 
-.a 

::g 
1.w 
,a.61 

-:“, 
-.a 

I:$ 
-35 
-.63 

:g 
-.% 
1.l 
I.42 - 
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TABLE III.- NEGATIVE-?pIRUST C!KARAC=STICS OF TBE NACA 4- 5)(05)-037 Km- 
AND EIGHT-BLADE, DUAL-ROTATION PROPELLERS, Ap = CPTIMJM - Concluded 

b) B - 8 - Concluded 
- 

w 
- 

0.1 

0.e 

- 

- 

2; - 

9) 

60 

jS 

f.3 

R 

- 

- 

Y 
- 
0.8 

3.88 

- 

- 

n 
- 
l.il 

,R 

- 

J or J cs 

::g 
.&l 
-.T.z3 

-1 .*yl 
-1.167 
-1.4* 
-l.$T?h 
-2.374 
-2.869 

::t$ 

-:g 

,*g 
-1:332 
-1.*4 
-l;": 

-.oBB 

-1.199 

:::iG 

2% 
!s:la 
b.oos 

-1.5.S 
.1.837 
Q.2e.s 
a.503 

P.124 
2.371 

-.ll4 
-.lTg 
-.a74 

::g 
-.6& 

-4.16 
-5.44 

:g 
-.lo 
-.32 
-La 
-.a1 

-1.l8 
-1.Q 

22 

Z:$ 

2-g 
-5:2 
-7.1 l 
LS.07 
15.66 
P7.c9 
s.77 

.35 
-.61 
-.69 

::*g 
%:13 
%.&l 

2:: 
4.oe 
L1.37 
?iJ .*": 

&A 

-.63 
-75 
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TABLE IV.- NEGATIVE-THRUST C~C~STICS OF THE NACA 4-(5)(95)-037 SIX- 
AND EIGHT-BLADE, DUAL-ROTATION PROPELLERS, Aj3 = 0.8~ 
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Figure l.- Photograph of the lOOO-horsepower dynamometer with the 
NACA k-(5)(05)-037 six-blade, dual-rotation propeller. 
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(a) Spinner A. 

(b) Spinner B. 

; _ m 
A-19070 

(c) Spinner C. 

Figure 3.- Photograph of the spinners and platform propeller-spinner 
junctures. 
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Figure 8.- Poeitive-thrust characteristics; NACA b-(5)(05)-037 eight-blade, dual-rotation propeller, 
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blade, dual-rotation propeller, Q3 = optimum, spinner A. 
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(d) M = 0.80 

Figure 27.- Contihued. 
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(f) M = 0.9 

Figure 27.- Concluded. 
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